In contrast to the widely studied a-aminoalkylphosphinic acid derivatives, relatively few papers have been reported on the chemistry of a-hydroxyalkylphosphinic acids, although there is evidence that a-hydroxyalkylphosphinate esters are pharmaceutically active. 5 Many effective methods for the preparation of a-aminoalkylphosphinic acids have been developed, 6 but few synthetic routes to a-hydroxyalkylphosphinic acids have been reported and these involve prolonged heating of hypophosphorous acids with aldehydes or ketones, 7 or reaction of ketones with bis(trimethylsilyloxy)phosphine. 8 Here we have successfully prepared both types of a-functionalised phosphinates (Scheme 1); of particular importance is the isolation for the first time of the a-hydroxyalkylphosphinate compound using relatively mild reaction conditions, and the first characterisation by X-ray crystallography of this class of compound.
The reaction of 2,5-diformylthiophene (prepared as described in ref. 9) with Ph 2 CHNH 2 and aqueous hypophosphorous acid (50%) gives an unexpected mono(a-hydroxyalkylphosphinate) derivative 1 rather than the bis(a-aminoalkylphosphinate) derivative 5. The remaining thiophene carbonyl group is not electrophilic towards the addition of a second water molecule to form the intermediate gem-diol; all attempts to prepare the bis(a-hydroxyalkylphosphinate) derivative proved unsuccessful.
The presence of the a-hydroxy group in 1 was confirmed by X-ray structure analysis ‡ of the (diphenylmethyl)ammonium salt and the structure of the ions, linked by a hydrogen bond between one of the phosphinate oxygen atoms and a proton of the ammonium cation [O(2)···H(1N) = 1.86 Å] is shown in Fig.  1(a) . The remaining two protons of the (diphenylmethyl)-ammonium counterion are also involved in hydrogen-bonding to phosphinate oxygen atoms of adjacent symmetry related anions [O···H(N) = 1.72-1.90 Å], resulting in a complicated spiral hydrogen bonded chain of alternating cations and anions running parallel to the b axis of the crystal [ Fig. 1(b) ]. Along this helix, adjacent anions (separated by the b axis length) are linked by hydrogen-bonding between the a-hydroxy group of one and a phosphinate oxygen of the next [H(1O)···O(3A) = 1.98 Å] as can also be seen in Fig. 1(b) .
In order to prepare the bis(a-aminoalkylphosphinate) derivative 5 from the dialdehyde a two stage process was required. The carbonyl groups were first converted to the imine functions by condensing the dialdehyde and Ph 2 CHNH 2 in MeOH to give 4, and addition of hypophosphorous acid (100%) to 4 in 1,4-dioxane gives a diastereoisomeric mixture of 5 in good yield. However, the addition of hypophosphorous acid (100%) to the mono-imine derivative 2 readily converts the imine to the a-aminoalkylphosphinate, and the presence of excess hypophosphorous acid reduces the a-hydroxy functional group to yield 3. Attempts to remove the Ph 2 CH protecting groups have proved difficult. The new compounds 1-5 give satisfactory elemental analysis and their 1 H, 13 C and 31 P NMR data § agree with the structures proposed. Both compounds 1 and 2 have been tested in the antibacterial screen and showed no activity.
Compound 1 is the first example of an a-hydroxyalkylphosphinate as a substituent of a heterocyclic ring. The ability to derivatize only one of the two aldehyde groups to afford the mono(a-hydroxyalkylphosphinate) opens up the possibility that the remaining carbonyl can be used in further reaction with an amine [e.g. Scheme 1(ii)]. This availability of an additional active carbonyl in an a-hydroxyalkylphosphinate derivative is thus potentially beneficial for its coupling to biological macromolecules or to polymers for selective metal complexation applications.
We thank GlaxoWellcome (to M. J. S.) for financial support, the EPSRC for a studentship (to T. diffractometer in the q range 3-23° with a scan width of 0.90°. The structure was solved by direct methods (ref. 10) ; the H-atoms of the ammonium and hydroxy group were located from difference-Fourier syntheses, but were not refined, and the remaining H-atoms were included at idealised positions. Anisotropic displacement parameters were assigned to all non-hydrogen atoms (apart from the phenyl C-atoms, which were constrained to idealised hexagons, C-C 
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